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Fig. 4.26. Constant-current STM images of the GaAs(110) surface acquired at
sample bias voltages of (a) +1.9 V and (b) —1.9 V. (c) Top view of the surface
SAMPLE atoms. The As atoms are represented by open circles and the Ga atoms by
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fEM R (Bias-dependent STM imaging)
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Dual bias images of the 5X5 and 6 X4 reconstructions. The average height
difference between the two reconstructions is 0.3 A for empty states (+1.0 V

sample voltage) shown in (a) and 0.4 A for filled states (~1.0 V sample voltage)
shown in (b), with the 5X 5 being higher in each case. In both images, the total
A. R. Smith et al. Surf. Sci. 423, 70(1999)

gray scale range is about 1.3 A.
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Simultaneously acquired dual bias images
of the 6 X4 reconstruction. Sample biases
are +2.0 and —2.0 V for (a) and (b), +1.5
and —1.5 V for (¢) and (d), +1.0 and 1.0 V
for (e) and (f), and +0.5 and —0.5 V for (g)
and (h), respectively. Similarly, gray-scale
ranges are 1.1 and 0.7 A for (a) and (b), 1.1
and 0.8 A for (c) and (d), 1.1 and 0.9 A for
() and (f), and 1.3 and 1.3 A for (g) and
(h).
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FIG. 1. (Color online) (a) STM image of a Ph island taken at V=-0.8 V and

I=0.1 nA. Image size: 500 500 nm?, Insert is a 5% 35 nm?® atomic resolu- FIG. 3. (Color online) f/dV curve of Pb films between N=13 and 26 ML
tion image (V=04 V, J=0.1 nA). (b) A line plot along the blue line in (a) 10 (without counting the wening layer). The measurement was done at T
show the height profile. (c) The topographic and (d} local work function =77 K with sample bias mmp from ~1.5 1o 1.5 V, Same shape triangles are

images taken simultaneously (V==2 V, I=0.1 nA). The bright area has a used here' vo, indictte the shifls.of ihe peak poxiions uta Hinction of A,
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Y. Qi et al, Appl. Phys. Lett. 90, 013109 (2007)
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Realization of a Particle-in-a-Box: Electron in an Atomic Pd Chain
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iAli 1104, using atom manipulation technigques with the tnneling
ample = 2 mV and J = 45 oA, The images were taken ot
AV, I = 10 nA. Each image is TS A = 75 A
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Figure 2. dldV spectroscopy of a single Pd atom and Pd chains
containing between 2 and 17 atoms on NiAl(110). The gap was set
with Famgle = 30V, I = 1.0 nA. All spectra were taken in the chain
center and are offset for clarity.
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FIG. 2. Single QD, W rip: (a) constant-current image.
Vigmgie = 1.7 V. 1 = 50 pA, height # and crystallographic di-
rections marked; (k) f(V) curves recorded on the QD (black
line) and on the wetting layer (grey line), Vi, = 1.6V, [ =
50 pA; (¢) dI/dV curves recorded simultaneously with (b},
Vined = 28 mV: (d) di/dV curves recorded at different posi-
tions above the QD as marked in (a); (e)(f) spatially resolved
dV data at Vg, = 089V and Vg = 114 V. respec-
tively: all data in Fig. 2 are raw data.
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Electron Waves
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First direct probes of Standing Waves in Noble
Metals (Au, Ag, Cu)
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Cu(111) Fe atoms on Cu(111)

Crommie M F et al. Nature 363, 524(1993);
Crommie M F et al. Science 262, 218(1993);

Standing Waves on Other Metals
and Semiconductors

Be(0001) InAs(110)

Science 275, 1764(1997);
Phys. Rev. Lett. 81, 5616(1998);
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FIG. | (color online). (a) STM image and (b)—(d) d//dV im-
ages of a 40 ML Ag(111) film surface. The tunneling current was
(.55 nA. Sample bias voltage was (.20 Vin (a) and (b). 0.30 Vin
(c). and 040 V in (d). Image size is 33.0 nm ¥ 33.0 nm. PRL 104. 016806 (2010)
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graphene

Graphene:
a single one-atom thick sheet of carbon
atoms arranged in a honeycomb lattice

P J\.,J\.,‘&H.,L\.,Lh( Massless Dirac Fermion:
1.Linear dispertion

2.Pseudospin and chirality
Graphene is a topological

insulator -QSHE
-But the SO gap is too small

Free-standing silicene sheet
Increased buckling —increased sp3 nature

sp2
04A T*
S *
Dirac Fermion:
V.~ 10°m/s
= py -
\ [si-LB
S. Cahangirov calculated the phonon spetrum
sp3 of silicene and claimed that free-standing

silicene is energetically stable
S. Cahangirov et al., Phys. Rev. Lett. 102, 236804 (2009)

21



Stronger spin-orbit coupling
— True topological insulator

Easier to tune by electric field

— graphene (peV) ->silicene (meV)

Advantages of silicene:
a comparison with graphene

ase diagram M

wPMtL VP

(2.0

AB plans are shifted vertically

M. Ezawa et al., PRL, 2012

Novel quantum effects

High purity material
» Easy doping
» Si-based nano-fabrication

C.C. Liuetal, Phys. Rev. Lett. 107, 076802(2011)

@ Compatibility with Si technology

G. G. Guzman-Verri et al. Phys. Rev. B 76, 075131 (2007)
S. Cahangirov et al., Phys. Rev. Lett. 102, 236804 (2009)

Tsai et al. Nature Comm. 2013

100% spin splitting

Agatom
% L)

P. Vogt at al., Phys. Rev . Lett. 108, 155501 (2012)

Silicene on Ir(111)
L

L. Meng et al. Nano Lett. 13, 685(2013)

Experimental synthesis of silicene

Silicene on Ag(111) 4 V13xV13

\3xy3

B.J. Feng etal. Nano Lett. 12, 3507(2012) citation > 140

Silicene on ZrB,(111)

A. Fleurence et al., PRL 108, 245501 (2012)
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Dirac Fermion versus conventional 2DEG

Conventional 2D
Electron System

Graphene

= Zero band mass
= Strict electron hole symmetry

Band structures

* Electron hole degeneracy

[C]

VAV (arbitary units)

Bins Valtage (V)

No QPI

4x4

V13xV13 V3x\3

B. J. Feng et al. Nano Lett. 12, 3507(2 QPl patterns

STM image AV maps

At LN, temperature //_
L. Chen et al,, PRL 109, 056804{2012) 2z
¥ Su /
K, E //’
' L\ w
. " ~ D] " T
i «(nm")
Ve =(1.200.1) x 10° mis
Constant energy contour of EgEp=-0.52 +0.02 eV
in Briliouin Zo
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dl/dV maps Line profiles

QPI from silicene
steps

STM image
g’ 0.8
>
1st 2nd [=/]
layer layer E
=
L
0.4 -
T = T L4 T
1.2 1.6 2.0
-1
x(nhm)

At LN, temperature

Vv’y

L. Chen et al., Phys. Rev. Lett. 109, 056804(2012).

Quasiparticle interference (QPI)

q,: intervalley scattering

(\/3 ><\/3)R30° interference pattern

q,: intravalley scattering

4

Long wavelength standing wave

2D Brillouin zon? .
Constant energy contour of Dirac cone

in Brillouin Zone
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Scattering wave vector: |q,|= 2K, where k is radius of constant-energy
circles at K point
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K. v 3x 4 3 Interference
pattern around point
defects and step edges

+ 1.3 V filled state - 1.3V empty state
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Quasiparticle scattering patterns(QPI) on multilayer Si
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80nm X 80nm
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Dirac state persists on the surface

Standing Waves near

armchair and zigzag edges.
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B R AR B (Current imaging tunneling spectroscopy, CITS)
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Fig. 1.73b. Apparent barricr height ¢, for two jellium electrodes, one repres-
enling the sample, the other, with an adsorbed Na atom, representing the tip.
The work function ¢ for the sample electrode by itself is shown for comparison.
The tip-sample separation is denoted by s (1 bohr = 0,529 A) (Lang, 1988)
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